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Abstract—This paper presents the design of a small 
patch antenna, which consists of one unit cell of composite 
right/left handed transmission line (CRLH TL). Due to the 
resonant frequency of the CRLH TL unit cell is 
determined not by the physical length but by the 
inductance and capacitance values loaded in the cell, the 
size of the patch antenna consisting CRLH TL unit cell can 
be reduced by tuning the LC values. The antenna is fed by 
a microstrip line. In order to improve the matching, a 
thinner microstrip line and two rectangular notches etched 
on the patch are used. The patch antenna including the 
feeding line is fabricated on a 3×3 cm2 substrate with εr of 
3.5 and thickness of 1.5 mm. The size of the patch is 
reduced to 9 mm×12.9 mm, which is 0.18 λg×0.26 λg at the 
resonant frequency of 3.59 GHz, owing to the 
characteristic of the CRLH TL unit cell. The measured 
results exhibit a bandwidth of 24 MHz and conventional 
patch-like radiation pattern. The gain of -4.7 dBi and 
efficiency of 20% are achieved. 
Index Terms — Patch antenna, CRLH TL, 
Metamaterial. 
I. INTRODUCTION  
As the size of wireless devices is getting more 
compact, small size, low profile and light weight 
antennas are becoming the necessary requirements. In 
recent years, many technologies used to produce small 
antennas have been reported, such as small patch 
antenna using shorting pin [1], small monopole antennas 
surrounded by epsilon-negative shell [2-4], and small 
antennas based on metamaterials [5-8]. Among all these 
technologies, microstrip patch antenna seems possessing 
many attractive advantages such as low profile, light 
weight, easy to be made conformal to carriers, etc. 
However, conventional microstrip patch antenna is still 
too large for modem wireless devices, especially at low 
frequency.  
Recently, metamaterial has been proposed as a 
possible solution for designing small antennas due to its 
unique electromagnetic properties. The concept of 
metamaterials, commonly known as left-handed 
materials (LHMs), was first investigated by Veselago in 
1968 [9]. Although the properties of LMHs promised for 
a large diversity of novel applications and devices, 
LMHs did not attract much attention until it was found 
that the materials could be realized using a general 
transmission line (TL) approach [10]. Practical LH TLs 
also have the right-handed (RH) effects, so LHMs 
realized using TLs are called composite right/left handed 
transmission lines (CRLH TLs). The CRLH TL has 
many unique properties such as supporting a 
fundamental backward wave (anti-parallel group and 
phase velocities), zero propagation constant at a discrete 
frequency and larger and controllable phase propagation 
constant [11]. The property of large phase propagation 
constant of CRLH TL has been used to realize series 
feed networks and time-delay lines [12, 13]. 
In this paper, a patch antenna consisting of one CRLH 
TL unit cell is proposed. The antenna has a small size of 
9 mm×12.9 mm, corresponding to only 0.18λg×0.26λg at 
3.59 GHz. The size of a traditional microstrip patch 
antenna should be 0.5λg×1λg in order to obtain a good 
matching. When the antenna size is smaller, the input 
impedance is much larger than 50 Ω [14]. To solve this 
problem in our small antenna, we employed a thinner 
microstrip line and two rectangle notches at the feeding 
point to match the small antenna to the 50-Ω cable. The 
antenna is studied by using the commercial 
electromagnetic simulation tool CST and measured in 
the antenna measurement system Satimo Starlab. The 
measured results show that the antenna is well matched 
at around 3.59 GHz with a bandwidth of 24 MHz. 
Measured gain of -4.7 dBi and efficiency of 20% are 
achieved. 
II. ANTENNA DESIGN 
Figure 1 shows the geometry of the proposed small 
patch antenna. The antenna has compact dimensions of 
only 3 (W)×3 (L) cm2. It has a rectangular patch with a 
dimension of Lp (9 mm)×Wp (12.9 mm). The shorting pin 
with a diameter of D (0.6 mm) is added at the upper edge 
of the patch to form the shunt inductance needed for the 
CRLH TL cell. The interdigital capacitor is etched at the 
center of the patch to form the series capacitor. Two 
rectangular slots with dimensions of W2×L2 are etched on 
both sides of a thinner feed line with dimensions of 
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W1×L1 in order to match the antenna to a 50-Ω feed line 
with a dimension of Wf (3.5 mm) ×Lf (12 mm).  
 
 
Fig. 1 Geometry of proposed small patch antenna 
 
The equivalent circuit of the antenna is shown in Fig. 
2, where Rrad is the radiation resistance, LR and CR are 
the parasitic inductance and capacitance of the patch 
respectively, CL is formed by the interdigital capacitance 
and LL is formed by the shorting pin as shown in Fig.1.  
From the equivalent circuit, we can see the patch forms a 
CRLH TL unit cell, which consists of CL, LR, LL and CR. 
Its propagation constant is given by [11]: 
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Fig. 2 Equivalent circuit of the proposed small patch antenna 
 
Equation (1) shows that the propagation constant β can 
be determined by the values of CL, LR, LL and CR, instead 
of the patch length. Thus the dimensions of interdigital 
capacitance and the patch in Fig. 1 can be made to obtain 
a larger β than a conventional microstrip line. This 
means that the antenna can be made resonating at the 
same frequency with smaller dimension compared with a 
conventional microstrip patch antenna. The position of 
the shorting pin, the dimensions of the thinner feed line 
and the two rectangular notches are studied by CST to 
obtain a good matching. The optimal values are listed as 
follows: h = 0.4 mm, W3 = 0.75 mm, L3 = 0.7 mm, Wg = 
0.3 mm, W2 =2 mm, L2 = 3.5 mm, W1 = 0.5 mm and L1 = 
6.5 mm. 
The antenna including the feeding line is implemented 
on a 3 (W)×3 (L) cm2 substrate with a permittivity εr of 
3.5 and thickness of 1.5 mm, as shown in Fig. 3.  
Figure 4 shows the simulated and measured |S11| 
against frequency for the proposed small patch antenna. 
The simulated result (gray curve in Fig. 4) shows that the 
antenna resonates at 3.738 GHz with a bandwidth of 20 
MHz, while the measured result (red curve in Fig.4) 
shows that it resonates at 3.59 GHz with a bandwidth of 
24 MHz. The discrepancy between simulation and 
measurement results is due to fabrication tolerance. Both 
the simulated and measured results show good matching 
at the resonant frequencies, |S11|= -30 dB at 3.738 GHz 
in simulation and |S11|= -33.5 dB at 3.59 GHz in 
measurement.   
 
Fig. 3  Photograph of fabricated antenna  
 
III. SIMULATION AND MEASUREMENT RESULTS 
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Fig. 4 Simulated and measured S11 
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Fig. 5 Simulated current distribution at 3.738 GHz 
 
The simulated current distribution of the antenna at 
3.738 GHz is shown in Fig. 5. It can be seen that the 
current flowing at the upper edge of the patch has the 
same direction as the current flowing at the lower edge 
of the patch, which is typical for conventional patch 
antenna. However, the current distributed at the upper 
edge of the patch is much larger than that at the lower 
edge, which is different from a conventional patch 
antenna. Furthermore, the current density is much higher 
near the shorting pin. So it is expected that the radiation 
pattern of the small antenna will not be exactly the same 
as that of conventional patch antenna.  
Figure 6 shows the measured radiation patterns in the 
x-z, y-z and x-y planes at 3.59 GHz. It can be seen from 
Figs. 6(a) and 6(c) that the small antenna exhibits a 
conventional patch-like radiation pattern but with larger 
back lobes. At 3.59 GHz, the measured peak gain and 
efficiency of the antenna is - 4.7 dBi and 20%, 
respectively, as shown in Figs. 7 and 8.  
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(a) x-z plane 
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(b) y-z plane 
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(c) x-y plane 
Fig.6 Measured radiation patterns at 3.59 GHz  
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Fig.7  Measured peak gain 
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Fig. 8  Measured efficiency 
IV. CONCLUTIONS 
A small patch antenna using one CRLH TL unit cell 
has been proposed, which has a compact size of 0.18 
λg×0.26 λg. Measured results show that the antenna has a 
good matching at 3.59 GHz, having a bandwidth of 24 
MHz, a gain of -4.7 dBi and an efficiency of 20%. 
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